The quasispecies nature of a typical pigeon paramyxovirus type 1 (pPMV-1) was, for the first time, studied under conditions close to the natural infectious environment. The virus was serially passaged in pigeons by successive contacts. Viral heterogeneity was analysed in the kidneys and brain of five pigeons from the last contact, by reverse transcriptase-polymerase chain reactions performed on RNA directly extracted from the organ and targeting the P and HN genes of the virus. The viral diversity following in vivo passage was found to be different from that in the inoculum, but demonstrated the reality of the quasispecies concept for pPMV-1 strains. Moreover, some aberrant genomic RNAs comprising insertions in the P gene editing site or deletions in the HN gene were also detected, with possible consequences for the pathogenicity and infectivity of the virus.
Introduction
Pathogenic strains of avian paramyxovirus type 1 (APMV-1 or NDV) are responsible for Newcastle disease (ND), a worldwide sanitary and economically important disease of poultry. Pigeon paramyxoviruses type 1 (pPMV-1s) are antigenic variants of APMV-1 (Alexander et al. , 1984a Collins et al. , 1989; Jestin et al. , 1989) , which first appeared in the Middle East in the late 1970s and are responsible for a particular form of ND in the pigeon species. The pPMV-1 strains reached Europe in 1981 and were responsible for a panzootic in 1985. Despite various control measures including vaccination, pPMV-1 infection remains enzootic in pigeons in many countries (Alexander, 2001) .
Moreover, pPMV-1 strains represent a current threat for poultry species because they can infect and cause pathology in chicken broilers, breeders and layers, as demonstrated by the natural outbreaks described in Great Britain in 1984 (Alexander et al. , 1984b) and in 1996 in pheasants (Alexander et al. , 1997) . However, the pathogenicity of pPMV-1 strains is not yet completely understood.
The pPMV-1s, as all APMV-1s, belong to the newly created genus Avulavirus within the viral family Paramyxoviridae (see the website of the International Committee on Taxonomy for Viruses: http://www.danforthcenter.org/iltab/ICTVnet). The 15-kb non-segmented single-stranded RNA genome of negative polarity encodes the six structural proteins (Millar & Emmerson, 1988) . The nucleoprotein (NP), phosphoprotein (P) and RNA-directed RNA polymerase (L) form the transcriptional and replicative complex with the genomic RNA (Curran & Kolakofsky, 1999) . The matrix protein (M) is involved in the budding process of the newly formed virus particles (Peeples et al. , 1992) , while the haemagglutinin-neuraminidase (HN) and fusion protein (F), two glycoproteins anchored in the virion envelope, are involved in the binding and/or fusion to the host cell membrane, and, for HN, in the release of the newly formed virus particles (Yusoff & Tan, 2001) . The P gene also encodes two non-structural proteins, called V and W, which seem to be involved in the pathogenesis of the virus (Steward et al. , 1995; Mebatsion et al. , 2001; Park et al. , 2003) .
The poor fidelity of the RNA-dependent RNA polymerase of RNA viruses results in the coexistence of closely related but distinct variants called quasispecies (Domingo et al. , 1996; Domingo, 2002) . RNA viruses are therefore a complex and dynamic population of mutants. This structure is likely to be involved in the survival, evolution and pathogenesis of RNA viruses (Domingo & Holland, 1997; Domingo et al. , 2003) . The heterogeneity of the APMV-1s has been known since the late 1950s (Granoff, 1964) and was shown in vitro using the plaque assay test performed on different cell culture systems (Schloer & Hanson, 1968; Lomniczi, 1974) . Kaleta et al. (1980) showed the presence of virulent subpopulations within lentogenic strains of APMV-1, and a change of virulence was observed for strains serially passaged in chickens by parental routes of inoculation (intracerebral or intramuscular) (Alexander & Parsons, 1984 , 1986 Islam et al. , 1994; Kommers et al. , 2003) . Kissi (1988) and Kissi & Lomniczi (1988) proposed a hypothesis for the influence of the quasispecies nature of pPMV-1 on pathogenicity based on the use of Hungarian pPMV-1 strains passaged in embryonated chicken eggs. The authors suggested that pPMV-1 was a heterogeneous population in the pigeon species, but following serial passages in chickens it could become more homogeneous and lead to the selection of more virulent subpopulations. However, this hypothesis for the heterogeneity of pPMV-1 has never been proven at the molecular level, nor confirmed in in vivo experiments.
In order to gain a better understanding of pPMV-1 pathogenicity in pigeons and chickens, we studied the quasispecies nature of a typical pPMV-1 strain before and after serial passages in pigeons by contact. First, we analysed the quasispecies of the 99299 isolate, previously classically characterized at the molecular level (Barbezange & Jestin, 2003a) , in the P, F and HN genes because of their potential role in the pathogenicity. This allowed us to determine the initial heterogeneity status of the inoculum, since the strain was obtained as an infectious allantoic fluid by the reference method of isolation (see Methods). Virus heterogeneity was then studied molecularly after six passages in pigeons. The kidneys and the brain were analysed as these two organs have been shown to be among the principal targets for the virus. In fact, a previous study successfully reproduced the disease with the 99299 isolate in conventional (i.e. non-specific pathogen free) pigeons placed in contact with infected ones (Barbezange & Jestin, 2003b) .
Methods
Virus strain. pPMV-1 strain 99299 was isolated according to reference methods (Anonymous, 1992; Picault, 1993a Picault, , 1993b in 1999 in France from an infected pigeon flock exhibiting green diarrhoea, torticollis and mortality. This strain displayed an Intra Cerebral Pathogenicity Index (ICPI) of 1.4 , and was grouped in the P group of APMV-1 as defined by Collins et al. (1989) using monoclonal antibodies. Its fusion cleavage motif was 112 
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119 (Barbezange & Jestin, 2003a) . Therefore this strain was classified as a typical pPMV-1 and was representative of recent European isolates (Meulemans et al. , 2002) . Putative specific motifs of the pigeon variant strains were also described in the editing site of the P gene and the intracellular domain of the HN gene (Barbezange & Jestin, 2003a) , which were included in the fragments focused on in the present study. To confirm that these shorter PCRs are able to detect the initial quasispecies of the inoculum, these differences in RT protocol (with specific primers) and PCR technique (10 (2 diluted cDNA) were also applied to RNA extracted from the infectious allantoic fluid used as inoculum.
The PCR products were purified, cloned, sequenced and compared with the consensus sequences as already described.
Biological properties of the viral populations. The virus present in the brain and kidneys from the selected pigeons in the Contact 5 group was directly titrated by weighing and homogenizing an organ aliquot in 1 ml phosphate-buffered saline. After clarification, the supernatant was 10-fold serially diluted and used to inoculate chicken embryo kidney cells plated in 96-well plates. The cytopathic effect was recorded daily, and the titre was determined 4 days after cell infection using the method of Reed & Muench (1938) .
The virulence of the virus present in each organ was assessed by sequencing PCR products targeting the cleavage motif of the F protein.
For this purpose, PCR products were obtained with Ufj 5?-CTCCAAACCCTACACCAGGA-3? and NDV425 5?-TACAAGC-CAAACAAAATGC-3? primers on the RNA previously extracted for the P and HN quasispecies analysis (RT performed using Ufa 5?-TTAGAAAAAACACGGGTAGAA-3? primer).
The virulence of each virus isolated from each organ was also assessed. Once the virus isolation was performed (in embryonated chicken eggs according to the reference method using a similar organ aliquot), the ICPI was determined according to the international reference method (Office International des Epizooties, 2000) using 1-day-old chickens. In addition, the F cleavage site of each isolate was also determined using the RT-PCR already mentioned.
Finally, the pPMV-1 antigenic profile of each isolate (first adjusted to 4 haemagglutination units) was also checked by the haemagglutination inhibition test (Picault, 1993a) , using the specific monoclonal antibody 161/617 (Collins et al. , 1989) .
Results
Characterization of the initial quasispecies nature of the 99299 isolate. A PCR product of the F, HN and P genes was cloned, and between 10 548 and 11 254 bases were sequenced for each PCR product (Table 1) . Thus, 17 (for the P gene) and 18 (for the HN and F genes) clones per PCR product were analysed and compared with the consensus sequence previously published.
Less than one-third of mutant clones were obtained for the F gene, and 13 out of the 18 clones were identical representing the master sequence, which was found to be exactly the same as the consensus sequence. The viral population was considered as homogeneous in the F gene even though five mutants differed only by a single, but different, nucleotide from the consensus sequence.
The HN and P genes were each characterized by a large proportion of mutant clones (83% and 88%, respectively). For HN (Figure 2 ), even if three clones out of the 18 (ino.1.a) were identical to the consensus, no master sequence (i.e. identical sequence for at least several, if not a majority of clones) was found. Nine clones (ino.1.b to j) showed one to three differences compared with the consensus. The six remaining clones differed from the consensus by a common mutation (C/T at position 182 of the HN ORF), which resulted in a Thr to Ile substitution in the predictive protein sequence. Two of those clones (ino.1.k) had only this mutation, while the four others (ino.1.l to o) exhibited one to three additional nucleotide mutations. For P (Figure 3) , two clones out of 17 (ino.1.a) were identical to the consensus. Three clones (ino.1.b to d) were found to be mutants from the consensus by one nucleotide. However, the master sequence, represented by five identical clones (ino.1.e), differed from the consensus by two non-synonymous variations: G /A at position 281 (Gly to Glu substitution) and C/T at position 413 (Thr to Ile substitution) of the P ORF. The seven remaining clones (ino.1.f to l) shared those two specific differences with the master sequence, and exhibited one to four additional mutations. Figure 1 . Amplification, cloning and sequencing strategy used to analyse the quasispecies of the 99299 pPMV-1 isolate before and after passages in pigeons. The top drawing represents the virus genome with the schematization of the six genes. The in vitro section shows the portions of the P, F and HN genes targeted to analyse the initial quasispecies status of the 99299 isolate used as inoculum. The functional sites are also marked. The in vivo section shows the parts of the P and HN genes focused on to analyse the evolution of the viral quasispecies after passage in pigeons (arrows indicate the positions used to describe subpopulations in the inoculum).
Therefore, it was possible to consider two main subpopulations in both the HN and P genes of the 99299 inoculum strain, defined by the positions 182 in the HN gene and 281 and 413 in the P gene, respectively.
Serial passages in pigeons. The six serial passages (one inoculation followed by five contacts) were successful since it was possible to maintain the infection (as monitored by the NP-based RT-nested PCR) through the six groups of 10 pigeons each. Throughout the experiment, the morbidity remained under 50% and the mortality approximately 20% to 30%. Although it was possible to record typical signs of paramyxovirosis for all the inoculated pigeons (tremors, prostration, diarrhoea and torticollis) and most of the typical signs for the pigeons from the first three contacts (tremors, prostration and diarrhoea), no typical clinical signs were noticed for the last two contacts. However, as shown in Table 2 , pigeons 1 to 3 of the last contact displayed cachexia.
Characterization of the 99299 quasispecies nature after in vivo serial passages. Two RT-PCRs were designed to amplify a shorter part of the HN and P genes (Figure 1 ), which would include positions 182 of the HN gene and 413 of the P gene, respectively. The subpopulations described in the inoculum were also detected by these shorter RT-PCRs, which used specific primers for the RT and 10 (2 diluted cDNA for the PCR (Figures 2 and 3 ). The virus genome was then directly targeted by those two specific RT-PCRs in brain and kidney samples of five pigeons from the last contact group (contact 5, i.e. sixth passage). Between nine and 12 clones for each cloned PCR product were sequenced in both directions and the sequence was determined without any ambiguity. Thus, between 2025 and 2700 bases for HN gene and between 3500 and 4200 bases for the P gene were analysed per organ sample (Table 3) .
Overall, the mutation rate observed varied from 0 to 6.9)/10 (5 mutations per nucleotide per PCR cycle for the HN clones, and from 6.9 )/10 (5 to 15.2)/10
(5 mutations per nucleotide per PCR cycle for the P clones. Out of the two subpopulations defined in the inoculum by position 413 in the P gene, only the dominant subpopulation was recovered after passages in pigeons. Thus, the virus population appeared homogeneous at this position with a thymidine residue for the five pigeons analysed (Figure 4) . Similarly in the HN gene, most of the clones analysed were characterized by a cytosine residue at position 182. However, it was possible to recover both subpopulations described at this position in the inoculum for one sample, the kidney of pigeon 5 ( Figure 5) .
Considering only the mutations shared by several clones to define a subpopulation, it was then possible to define new subpopulations compared with the inoculum, mainly in the P gene and for pigeons 4 and 5 (Figure 4) . Thus, position 674 could be used to define subpopulations for both pigeons, whereas positions 385, 510 and 626 defined subpopulations in the P gene mainly for Thus, to summarize, pigeons 4 and 5 displayed a higher genetic heterogeneity for the viral populations present in their brain and kidneys (Table 2) .
Biological properties of the viral populations. Neither a variation in the sequence of the cleavage site of the F protein of the virus nor an obvious modification in its ICPI could account for the difference in body condition displayed by pigeons 1 to 3 compared with pigeons 4 and 5 (Table 2) .
Despite four passages in embryonated chicken eggs, no virus could be isolated from the brain of pigeons 3 to 5. On the contrary, pPMV-1s (reacting with the specific monoclonal antibody 161/617) were easily isolated from the brain of pigeons 1 and 2, and from the kidneys of all five pigeons. However, the virus present in brain samples could not be titrated directly using chicken embryo kidney cells as no cytopathic effect being recorded. Considering the kidney samples only, pigeons 1 and 5 displayed the highest and lowest virus titres, respectively, whereas intermediate virus titres were obtained for pigeons 2 to 4 (Table 2).
Discussion
The concept of the viral quasispecies offers interesting prospects to explain the pathogenesis and the evolution of RNA viruses. However, the study of the subpopulations is subject to debate. One of the main points of discussion is the way subpopulations should be described. Whereas Domingo and colleagues (Domingo et al. , 1996 (Domingo et al. , , 2003 Domingo & Holland, 1997; RuizJarabo et al. , 2000 RuizJarabo et al. , , 2002 consider each mutation to define subpopulations, Smith et al. (1997) recommend limiting the definition of the subpopulations to the ................................................................................................................................. ino.1.b Figure 2 . Alignment of clone sequences obtained for the HN gene of the 99299 strain inoculum. The published consensus sequence (AJ415886) of 99299 is used as a reference, and only differences from it are shown for the clones. Each unique clone sequence was given a codification including ino (for inoculum), 1 or 2 (for the dilution of the cDNA used for the PCR, 1 for 10
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obvious mutations found in several clones. Since our study is the first to analyse the pPMV-1 quasispecies at the molecular level, we were cautious in our definition of the subpopulations and heterogeneity by taking into account only the mutations found in several clones. However, the position and nature of all the mutations found are displayed on Figure 2 , 3, 4 and 5.
Most published studies on viral quasispecies used classical Taq polymerase and nested PCRs to amplify the targeted virus genome, and between 10 and 20 clones for each sample. The use of a proof-reading polymerase and of direct PCRs in our study limited error incorporation during the amplification, and the mutation rates for the heterogeneous samples were found to be 10-fold above the error rate of the high fidelity polymerases (Mullan et al. , 2001; Malet et al. , 2003) .
Our work provides original observations further supporting the nature in quasispecies of pPMV-1 in vivo. First, it is noticable that only one of the two initial subpopulations described in the P gene was recovered after serial passages in pigeons, and that the two initial subpopulations in the HN gene were only detected in one sample from one pigeon. This could not only be due to the conditions of the PCR, as it was possible to detect the P and HN subpopulations in the inoculum even by using cDNA diluted at 10 (2 (Figures 2 and 3 ). The missing subpopulations might then represent a memory for the quasispecies (Ruiz-Jarabo et al. , 2000) and be undetectable by the technique used, or simply have disappeared during the contact passages (Kissi et al. , 1999) . Each contact would need to be studied to better understand this phenomenon. The fragments of the P and HN genes targeted for the quasispecies study after passages in pigeons were smaller than those used before passage in vivo. The aim was to limit the number of sequencing reactions to two per clone (one forward and one reverse), but of course this might lead to loss of information. However, the description of other novel subpopulations showed that the quasispecies equilibrium was modified in vivo. Nevertheless, a great variability was noticed between pigeons in the viral heterogeneity level and in the subpopulations found. Such an individual host variability has already been described for other virus quasispecies (Gretch & Polyak, 1997; Hö tzel et al. , 2002) and has to be taken into account in further studies.
Interestingly, insertions in the P gene and deletions in the HN gene were observed more frequently in the brain samples. These insertions and deletions were not sequencing errors, as the electrophoregrams showed clear signals (data not shown). Differences in the quasispecies complexity according to the organ were observed for other viruses (Laskus et al. , 2000; Rü ster et al. , 2001) . Depending on the cell type, some mechanisms might occur more or less rapidly after infection, modifying the concentration of ions or other oligo-elements and so, disrupting the working of the viral polymerase (Shapshak et al. , 1999) . The insertions in the P gene editing site on the viral genomic strand might be due to the stuttering of the polymerase by a similar mechanism to that responsible for the appearance of mRNA coding for the V and W proteins (Steward et al. , 1993) . These insertions might have an influence on the level of V and W proteins produced in the infected cells with consequences on pathogenesis, since the V protein is believed to play a role in inhibiting the host interferon response (Kato et al. , 1997; Delenda et al. , 1998; Komatsu et al. , 2004) . The deletions in the HN gene introduce a premature stop codon after the transmembrane domain of the protein. Therefore, truncated HN proteins might be expressed at the surface of the cells and incorporated into newly formed virus particles, possibly with consequences for the binding abilities and the infectivity of the virus (Huang et al. , 2004) . However, the question arises whether these aberrant and defective genomic RNAs, detected inside the infected cells, are actually packaged into the newly formed virus particles, excreted and transmitted to susceptible hosts, as shown in other models (Cabot et al. , 2000; Kissi et al. , 1999; Wang et al. , 2003) . This question could be assessed by studying the virus heterogeneity after virus purification from both organs and cloacal and tracheal swabs. It would also be In vivo quasispecies nature of pigeon PMV-1 117 interesting to investigate the relative proportions of those aberrant genomic RNAs depending on the organ. In order to evaluate the potential biological influence of the heterogeneity, several parameters could be considered and related to the virus complexity. First, it would be interesting to consider the symptoms displayed by each pigeon. It was noticeable that we succeeded in transmitting the virus during five contacts. However, the transmission was confirmed not by the observation of symptoms, but by detection of the virus in cloacal swabs. Indeed, fewer and fewer clinical signs were observed in later contacts. This might be explained by the fact that the age of the pigeons increased during the experiment. All the pigeons arrived in our facility at the same time and were kept in quarantine until infection; then the first pigeons were inoculated at 8 weeks of age, whereas the pigeons for the last contact were infected at 13 weeks of age. We know that the susceptibility of the pigeons to the disease decreases with age (Tangredi, 1985) and this might explain the absence of symptoms in the pigeons for the last contact group at the time of sacrifice. Further studies should take this bias into account. Furthermore, flocks in the field are composed of pigeons of different ages, mixing juveniles and adults. This is probably important in the pathogenesis of the disease and the persistence of the infection. Our experimental model would be improved by using pigeons of different ages in each group, in order to better mimic the field conditions. The ICPI and the F protein cleavage site after passages in pigeons did not show any relevant modification in our assay, but these are important parameters to follow when studying pPMV-1 and other APMV-1 strains. Interestingly, no subpopulations were detected in the F gene in the inoculum of the 99299 strain. However, it might be interesting to study the F gene after serial passages in vivo, since we were able to detect subpopulations in a homologous part of the F gene of another APMV-1 isolated from pigeons (data not shown).
Other parameters, such as the intensity of the histological lesions or of the immune response, have been shown to be related with the quasispecies diversity of other viruses (Sanchez Fueyo et al. , 2001) . More particularly in the pPMV-1 case, it could be interesting to study the level of the different type I interferons, or more precisely the level of STAT1 and STAT2 proteins (involved in the cellular answer to interferons), in connection with the level of V protein produced.
This first molecular study of pPMV-1 quasispecies in vivo did not answer all the questions about pPMV-1 infections. However, it showed that transmission of the virus by successive contacts is possible under experimental conditions and that the nature in quasispecies of pPMV-1 is a reality in vivo. This was the main aim of this limited preliminary study, as it allowed us to validate the experimental design and the molecular tools. Our study Figure 4 . Alignment of clone sequences obtained for the P gene of the 99299 strain after serial passages in pigeons. As in Figure 3 , each sequence is compared with the published consensus sequence (AJ415882) of 99299, and only differences from it are shown for the clones. Due to the presence of one to three nucleotide insertions for some clones, the numbering is shifted forward by 3 from position 402, therefore position 406 on the figure is in fact position 403 on the gene. Each unique clone sequence was given a codification including the organ (K, kidney; B, brain), the pigeons (numbered 1 to 5) and a lowercase letter. Then, the number of clones found for each unique sequence is indicated in brackets. Arrows used to point out the remarkable positions mentioned in the text.
In vivo quasispecies nature of pigeon PMV-1 119 Figure 5 . Alignment of clone sequences obtained for the HN gene of the 99299 strain after serial passages in pigeons. As in Figure 2 , each sequence is compared with the published consensus sequence (AJ415886) of 99299 and only differences from it are shown for the clones. Each unique clone sequence was given a codification including the organ (K, kidney; B, brain), the pigeons (numbered 1 to 5) and a lowercase letter. Then, the number of clones found for each unique sequence is indicated in brackets. Arrows used to point out the remarkable positions mentioned in the text.
also highlighted that, due to the great individual variability between pigeons, the number and nature of samples and biological parameters to study should be increased to draw objective correlations between viral heterogeneity and pathogenicity. Indeed, it would be interesting to study other organs. We have collected and stored the spleen, lungs and liver from the pigeons used in our present study and these are available for future use. It would also be useful to further characterize the viral subpopulations excreted in the digestive and respiratory tracts, paying particular attention to the different contact groups. For such large studies, techniques using differential gel electrophoresis mobility, such as single-strand conformation polymorphism (Mc Kechnie & Mc Cruden, 2001) , would be useful to obtain an overview on viral heterogeneity. Several studies using only pPMV-1 are needed to fully understand its pathogenesis. However, the influence of vaccination and/or co-infection, for example with immunosuppressive agents such as circovirus (Todd, 2000) , on the nature of pPMV-1 quasispecies is also worth studying. Indeed, such an influence has been shown for other viruses Essajee et al. , 2002) , and such a hypothesis relating to an interaction between the quasispecies nature of pPMV-1, vaccination and coinfections, together with the fact that suspect cases are more systematically reported, might explain why more and more cases of pigeon paramyxovirosis are recorded in Europe (Commission of the European Community, 2000; Terregino et al. , 2003) despite the strengthening of control measures.
Non-English Abstracts
Molecular study of the quasispecies evolution of a typical pigeon paramyxovirus type 1 after serial passages in pigeons by contact La nature en quasi-espèces d'un paramyxovirus de type 1-variant pigeon typique (pPMV-1) a été pour la première fois étudiée dans des conditions proches de l'infection naturelle. Le virus a subi plusieurs passages chez le pigeon par contacts successifs. L'hétérogénéité virale a été analysée dans les reins et le cerveau de 5 pigeons prélevés lors du dernier contact, par rétro-transcription suivie d'amplification génique (RT-PCR) directement à partir des ARNs extraits de ces organes et en ciblant les gènes viraux P et HN. Bien que la diversité virale consécutive aux passages in vivo se soit révélée différente de celle présente dans l'inoculum, la réalité du concept de quasi-espèces pour les souches pPMV-1 est démontrée. De plus, ont été détectés des ARNs génomiques aberrants présentant des insertions au niveau du site d'édition du gène P ou des délétions dans le gène HN, avec des conséquences possibles sur la pathogénicité et l'infectivité virales.
Zum erstenmal wurde die Natur der Quasispezies eines typischen Paramyxovirus Typ 1 (pPMV-1) unter Bedingungen, die der natü rlichen Infektionsumgebung sehr nahe kamen, untersucht. Das Virus wurde durch aufeinanderfolgenden Kontakt in Tauben serienpassagiert. Die Virusheterogenität wurde in den Nieren und Gehirnen von fü nf Tauben aus dem letzten Kontakt analysiert. Dabei richtete sich die RT-PCR mit der direkt aus den Organen extrahierten RNS auf die P-und HN-Gene des Virus. Die Virusvielfalt nach den in vivo-Passagen unterschied sich von der des Inokulums, aber spiegelte die Realität des Quasispezieskonzepts fü r pPMV-1-Stämme wieder. Darü ber hinaus wurden einige abweichende Genom-RNS, die Insertionen an der Bearbeitungsstelle des P-Gens oder Deletionen im HN-Gen beinhalteten, entdeckt, was Konsequenzen fü r die Pathogenität und Infektiosität des Virus haben kann.
La naturaleza de cuasiespecies de un típico paramixovirus tipo 1 de la palomas (pPMV-1) fue estudiada por primera vez bajo condiciones similares a las del entorno donde se da la infecció n natural. El virus fue pasado seriadamente en palomas por contacto. La heterogeneidad viral fue analizada en los riñ ones y cerebro de cinco palomas del ú ltimo contacto, mediante RT-PCRs de ARN directamente extraído de los ó rganos y amplificando los genes P y HN del virus. La diversidad viral tras pases in vivo fue diferente respecto a la del inó culo, pero demostró la realidad del concepto de cuasiespecies para las cepas pPMV-1. Además, algunos ARNs genó micos aberrantes con inserciones en el punto de edició n del gen P o delecciones en el gen HN fueron también detectados, con posibles consecuencias para la patogenicidad e infectividad de los virus.
